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£10 £8 <*fl X)<$7}<>] 4] a) ofl^- ^^711 £.A|^fe 

£11 £8 oil S.Al^ x)^ 7 ]o] tf-g- ^A] oj|^ JiAl^fe JE^. 

£12 £8 »11 ^1^71 fil EE t\-% cfl-g. ^A^}7\) 5LX\i;}^ 5L 

<£^ ^A^^l tflst 41 ^> 
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$4?$. ^?U^ ^-§^(12) ^ ^JJl^ ^-^(14)^ ^€4. ^?]]^ 

(12)^ ^^(10)^ ^^^Hfl^KlDofl ^7ll^^0V^ ^--^Cf. O] ^^H^ti)] 

i:^ ^-^-(14)^ c-HojBf ^^^^(15)^-5.^-51 s^t-)lo]EfS oj)^^ 

Jl ^ J=L®X]^7} 7}^o} f^£H;xl AlJl^^ 



on^^ofl s%i-£]o^ ;*i-=j-##3) -g-^St, ^l^Hfl ^1(13)4 ^fl^afl*i(ll) a>o]o} 

-g-^St, ZZSjJl ^?1N«fl£(ll) a-H-g-^^ -§-oj 7>A>^oll ojsfl <£o}^ # 

?HM. OH- ^^-(18)3)- 7l|2flA}El(20)fe #^*l*Kt r )4 SR^RKtfH ^ 

TflolE^^-ofl S^fe i?^^^ ^Al^( tr )3|. SHj-Al#( tf )ol Z^;^] 
^i^fe -^o> ^ ^jx}-^ 7-1 5] Oil Sfl^S^ Al^l-n]-^- x]<£^t]-. 91 

£4 ^ HA -3(11)01) ^fl^^ 3h^ol -^fl^SflAlofl^ ^ 

(13)ofl 7l^>ofl ^7fl ^^ol- ^^^Hl . °] nfl, ^fl^^ <g 

^#*l-^f 3 <t<>^ ^?H^ul)Ai(ii)^ ^Hf-iEHMi^r ^lN^HGS)^ ^o)j*] 

^n]-a|-XI ^S}^ ^1^^ ^(DGSH H-B)-u|-7ll ^Cf. o] ^ 

^l^(16)fe TflolE ^<a- (DGS)o ) §.^^oj.(Threshold Voltage, V th ) 

^ ^Hfe ^ #<£(GS)3 ^ofl^^ £3 o^o] *|ig-(i 8 )<q 

^fl^AlE) (20)31 -g-^&<^ *fl^fe ^l^^(n) ^l^Hl 



=L2\5L ^]\^ ^° H v (DGS)^r ^fl ^ # oj-(GS) S] &HH1 7] S.^- B\ 

(16)^ *1<£€ 7)1o]e ^(DGSH ^>a1^ ^-^^d^H Threshold Voltage, V th ) iLcf 
•^Mtt ^ ^7lN ^(GS)^ ^-^°H^]^- J f ^-7] Al^^( ri ) nH§. 

afl^(ll)^ -f^#^r^l ^ M<axl^EKl6)£] Tflo] E^^-ofl^ ^?fl^^<y- 

(GS) icf A]^^( ri )oll *fl^-§>fe ^1<S-EM^ -frJ: Til °1 J= ^(EGSH 

°i -b-s ^kegshi ^n, ^n^^ <y ^^i-^- &i 

B\ ^7fl ^11^(11)^ ^JZ].^ Al^oflAi«-E^, ^l^^(DS)^ S r 7 <Hl*l^ 

-f-B] ^7fl^tifl^(H)^] ^^Ml Sfl^SHf- ^l^M^ ^l^^Ml 7)1} 

^1^^ ^^}7\] ^4. 4*1 D-S:}^ , °1 >i7ll^^i<y-(GS)5l S} 

£5 ^ £6 £ ^?11 ^^^(GS)^ ^sfl^C 10)^1 ^?1W wfl ^(ll)oll 91?}$. 

l}. 515 ^ ^fl^^KGS)^ #^°ll*l^ yVnV E^x]^El#( 16)^1 711 olM 

^^HH^ ^iU^Sr^^- nelJL £6 ^ll^^HGS)^ sHS-o^o] ^ o. 
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^Mr^ ^^l-ol §1-7)1 ^O.^. LfHl-V+cf . f-^oc), ^fl^Hfl^ 

(llHH^l ^fl^ 0 ^ #3±x}<&i$o] =Lcf^ ^# ^ olcf. ol^^- ^fl^Hfl 
^^oVo] ^^l^o.^. o^Cr), oU^A^ ^sj^ Al^ovol 
*fl^€4. °1^ ojl^sf) ^(10)0^1 ^Al^^ c^Aj-ol JTI °}-$r5-] 

^2] o^c^ol % !=3)-r=L7} g^X) 7]\ ^Cf. o) E-] ^ ^^^^ ^^^tifl^ 

(11)^1 ^H^^ ^ c) 

o]^^ °J\^&X\^x)q rj^^-g- ^^§1-71 *&°]rCL5L Sfi]-^^ ^ 

°1 n l^-*l ^1 4,649,383 Jl<^1 ^sfl 7lM3$ch o] ^e)-^^^ « 0 >^^ ^7 ofl 

7 ^°l , ^JlUll^ol] ^Sl^r ^^(DS) Jicf ^fl^ti)]^ A]^^nV3. ov^-] 
^el-^?H^ ^fl^ufl^H ^"g-ig-J^L*l >i7ll^tifl^ol| a>n| m ^fl 

Xl^Bl^^ ^-^ ^ ^-g- ov^^l^ oH) QA^^oll %■ 

on^^ofl -g-g.3g ^JE^sl <gt£-g. #»] ^uf. oi ^ 

^4, w o Vtfo. on^^^o^l S^lS)^ ^^o^ ^.g. h^i^. ^ o^o^^ d |. 

°1 ^e]-^?H^ «J>?HM1^ ^llM^ ^11^ 
^oll^l^ §HHl^l7> n^s. 1C | aJ^o.^. ^^0.5. 01 

^Al^l-oi #011-711 ^cf. c^^, ^fl^ov oi^c}x>oll 7 }Q$] ofl^^ # 



- I"*!] ^^-^1^ ^l^^l:^ El-ojnl-g- 5:^^ n^^o] v]ti}o)^ 7 } o] 

- ^ ^4,750, 813M1 7flAl£]o^ 014. 01 r^-^joj cltfj-oj^ofl^ xij-i ^ 
sli^^-ej ^ufl^Hi ^-g-s^ ^-g^ov^ ^h. 7] . ^o^sj o,^^ ^fl^ ^ 

^M", D l^^" ^14,750,8135101] 7flA]£]o^^l cj^^^ol c)u>ol^o]l 

Cifo], U^^o] I»o]^ ^Jl^SM"-^ *)<£A] 7)7} ^}^o] ofl 
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7]^^ ^.g. - j7 ^ojE]- ^SRr #31!- 5£^*!:Cf. 

— ? H^ H H^^ ##^"^1- iH^Sffe ^l^UlHdotl cl] ol El ^l^^ovs.^. x j<g Al 

^JI c-flolEl -tlJL^<y-#^; -g-^-S}^ ^^r#^: ^l^f. 

^o\] 4€- ^ ^ sfl ^ ^-g^l^r -y^uH^jzf jS^fSf^ >i?ll^all^o]l ^ 
?ti^ ^°« v ^r ^"^m ^-^#34, ^l^Hfl^i^l t-llolel Al^^OV^^ ^ 

^-&^#^-, ^?H^H)l^ol ^#-Sf$l- JSI^l-SRr Als.all^oll ^S}^ dl 

#M <*\$jq*i. ^#*lfe ^7fl^tifl^32l- ^afl^a^ Mx}*^; 

D >£€ nflE€J^ K±C$ ^ ^fl^BflAlofl ^bJ|4 >. ?fl ^ ^oV^ 

SHr ^31^ ^^#321- , A]^tifl^oll el] ol El ^SL^^ ^g"g-*)-fe Cf^O) AlJ- 

3^-1:4, 4*r3 ^JL a^S. sfu(-oj ^-g- ^c^t) o^^o] 

Aljr ^ <^-I-# c si-q-ofl ^^^oi^i ^i^s]^-. ^lth}. 



£8 -g- ^^5fl^(30)s] ^7fl^tiU^(GW)-a- tIHe 

IC ^#(32A,32B)sf, ^ 3^(30) 3 ^l^afl^( D W)# ^-§^>7l 31 
IC ^1-(34A^^134F)^: ^alsj-fe- ^1 cfl6|) vq-s. oji^^^ ^-g-^- 

^l7> JE^SM oicf. ^7}]^Hl]^(GW)^ ^ojE Ej-o]!-, *\)^r m7 l]o) 

>fl°lJE e}-«y(GLl^^GLm)« TlM^ efoi#( G LHfl^GLin) z]-zHlfe 

M ^ IC 3#(32A,32B)£: >fl o] j= e]-°l#(GLlifl*lGLm)-g- ^ • ^-g-Sl-Xl 

°1» S^, >m Tflols ^ IC ^(32A)^ 711 o]e ?flSl ^o](31)^- 

^ TllolM ^EfE ^^(GSP)7> nfl ^ vfl^ m/2 TllolE^oJ^ 

(GLlvfl^lGLm/2)^l Til o] EAijr.g. ^^o.^ -§-^-§>7ll ^cf. ^ ^ tfl^ 

m/2 7flolM^<e]-i-(GLl^xlGLm/2)^ *U TlMm ^ IC ^(32A)^^^-E] 

^ ^ IC ^(32A)£- m/2«]*i| XM e efoi(GLra/2)^>l nflofl A)2 tI^e ^z.:gL 

IC ^(32B)^] ^flel^Hl ^^sjs) TllojE 71)5} ^^(GCP)# ^^Xl &t±. z\) 
2 TflolE ^ IC ^(32B)^ *f|l TllolM ^ IC ^(32A)o.S^-ej^) Tflolje ?fle) 
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CGLm/2+lvfl^GLm)^r ^£l?H ^t}. S^V, a||2 TflojE ^ Ic ^ 

(32B)^ m Tfloje ej-o] (GLm)oj ^ ^ Jpio]] ^ojE ^ IC ^( 32 A)j4 

Wls ^1 el ^^(gcp)I- t^«H ^ofl ^^sqo^^ ^oje ^ ic 

GLm)4 JH^^^I- o^e) M-£s}7ll ufl<i£]c>|^i q.^o} cJlojElej-oi^-, n 
7flsj ^olElefoi#(DLlvfl^DLn)^. ^ £) Til €*=h °1# E] eJ-°l#(DLl 

ifl*lDLn) 4^ ^ M^*]^^ ^^^01 ^4=^] ^cf . 

oil: c^olBl5fol#(DLlvfl^DLn)^ E| ^ IC ^#(34AtH^l34F)^ £|*fl k7fl*¥ 
• T 2 -^) >fl €i=h ^. ^^sfl^OO)^ vflofl ufl^s]^ k7 flo] dlol 

Ejefol-i-CDLlifl^DLk)^: ^11 cfloiE] ^ IC 3K34AW ^Sfl ^g^Ji, ^sfl^ 
(30)31 *fl2 Ml^l ^16 S^M*! k7fl^^1 b] i^°l#(DLk+l^*l 

DL2k , DL2k+l^ *1 DL3k , DL3k+l^ *1 DL4k , DL4k+lMl *1 DL5k , DL5k+ltfl *1 DL6k) £r *fl 2 ifl *1 
*fl6 c-lloiBl ^ ic ^#(34Btfl^l34F) ^^Hl ^3>H ^cf. *f|l ifl^l *fl6 

31°]^ ^ IC ^#(34Avfl*l34F)£- dloiBl^^(35)^El k7fl^ cflo]Ele|.oi^fi] 
3Mel» ^^SfTll °1» ^|i tj]^ xj)6 tflo]^) ^ IC 

^#(34Am^l34F)^ cflolE] ^EfM efo](3 3H ) ^ ^4f^4 ^0]^^^ 
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(35) ^ #e?^(37)ofl ^1 ^4- ^1^^(35)1- ^*fl *f]l ^ 

6 cflo]^ ^ IC ^l-(34AMH34F)ol] -g-g-sqTr Eflo]B]^. #^eJ-ol(37)^ cflo]^ 
#3(DCLKW J£ 7 1 Jgcf. ^li tfl^l t\)o]tf ^ ic ^#(34Avflxl34F)^ oflo] 

3 ^ej^-g; ^S^, ^fll cflolEi ^ IC 3(34A)£ $}o]b\ ^e|e ^ 

°J(33)J>ijL-f cflolE] ^(DSP)7> 9J7HS nqoil ^3 ej-o] ( 37) o.^«.^ ^ 

cl|olE]#^(DCLK)^ ^olB]^> 1 (35)^E 1 k7] |o| cflolEl^oi^ cflo]^^- 

oi^gj-Tll €4. k7fl^ cflolElefol-SrOj cfl o] b) 7 > T$o\] z\]o]b\ ^ IC 

^(34A)^r $}o]i£\ ?fle] ^i(DCP)# ^s^n. zl c-fl o] 7fla) ^(DCP)l- *fl2 cfl 

^ IC ^(34B)°fl ^§1-711 ^cf. *112 djolE] ^ ic ^(34B)^r *fll 
3 ^ IC ^(34A)SLS.^B\ v]}o)b\ ? fle] ^(DCP)7> o]7}^ nflofl #^ef<y(37)o. 
JsL^-Bl^ ^1^B1#^(DCLK)^ °l-g-sM cIlolElai^os^^.E] k7 jjc>i dlol ej-o] 

^ ^olEl# ^§1-711 ^Cf. O^Bl, ^2 cflolEl ^ IC ^(34B)£r k7fl^ t-fl o] ^ 

(34C)ofl ?#^7H ^4. *fl2 cflol^j ^ ic ^(34B)^1 ^^o^ *j| 3 ^ 

^16 e«°l£j ^ ic 3!:(34Cifl*l34F)£- *fl2 ^ ic ^(34B)^ 

-^OJ §1-711 zl-zl- k7fl^l *\}o]b\ el-ol^-Si tflolBll- <a^o->7fl ^cf. 

*U vflxl cflolE) ^ IC ^-i-(34A^^34F) ^-z]-^ #^ -<0 5i(OE)7l- 

9J7>^ nfloil k7 floi c-llclEiel-oll-(DLl^^DLn) zj-zj-6|) cflojE^M -g-^-^i ^cf. 
^Kl* zj-zj-ofl cflolBlAi^ ^}o)b\ ^ ic ^-i-(34Avfl^34F)olMi 
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^(39)^- ^116 dlojEl ^-g- ic ^(34F) *}o}6\] >fli ^5 

7-l<a7l#(36Am*l36EH ^7]-^ Jt^-H oicf. ^ U ^]<g7l(36A)^ <y<HHl; efo] 
(39)^-?-^ £9 ofl^ ol^o]^- aijkoe)* 71^3. x ^ 

"1*1- *1£€ #^ °H°11; ^l^(DOEl)"e|- c-Ho]^ ^ IC ^( 34B ) ^ 

^12 ^1^7l(36B)ofl ^SfTll ^cf. ^2 ^1^7l(36B)^ ^1 *1 <$7) (36A)^B\ ^ 1 
*> *1<£^ ^1 °]-& ^(D0E1)# U^^r 2^6.5. *]<^1 7lZL £9 °\]*\ 

-& ^1^(D0E2)"^ ^-)# ^13 HHe] ^ ic ^(34C) * ^3 *1 <37l (36C)ofl ^-g-S} 
Tfl -Scf. *J3 ^1^71(360^ ^12 ^1^71(368)5-^-^0) 2 x\ °±°\] Q }^ 
(D0E2)-& 71 ^n]-^- 3*>*li>S. *1<£a] 7lJl £9 oflA-]<2|- ;£oj 3*}-^ *j<g 

£}o^ ^ej olofloj^. Al^.(ol§]- "3^ ^<g^ ^ oioflo]^- Al^(D0E3)"el- <g-)# 
*fl4 V)o)b\ ^ ic ^( 34D ) w ^ 4 ^]o l7 i ( 3 6D) o 1 i ^4. ^ 4 ^c4 7] 

(36D)fe *fl3 *l#7l(36C)iM^<>l 3*1- *1<S€ ^5l(D0E3)# <H^tb 7l^ 

^ 4^^1S ^l<a^l7lJi £9 °\]*\<% £0) 4^*j o.^. xl^£]o^^ ojo)| ol^- 

^l5Kol§> "4*} #^ °H °}^r ^l^.(D0E4)"el- 1-)#.^15 n°)B\ ^ ic ^ 

(34E) ^ *J|5 ^1^7l(36E)ofl ^S>7l] ^cf. *j]5 *l<37l(36E)fe ^4 ^1^71 (36D) 
^-r-^ 2 ! 4*> ^1^^1-1: 4J:£(D0E4)# 7l^# 5*Hil5. 

Jl S.9 °\)*\qr 5x\q°.S. x)<&S\o]Z\ #^ oi^o^-g- *\£.(o] s> *]<£Q 
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#ej oio,|oi-g. ^ls(D0E5)"e1- *J-m m efloiEl ^ IC ^(34F)o]] ^is}?}) ^cf. 

*f|l Ml*] >H5 ^1^7ll-(36A^^l36E)oll 7]^- nV#^i 

°H)o|-|- e]^ 67fl o] o)6\]o]M. Ai^l-(0E,D0Elvfl^D0E5)o] ^1 m Ml°l 

3 n 1 -^ IC ^S-(34Avflxl34F)<>)l zj-zj- -g-g-slTfl ^cf. o)§ 6 7fl^ #^ «*H°l-H. 
^«(0E,D0E1^^D0E6)^] SjsW, afll ifl*l 7.fl 6 c^b] ^ i C ^#(34Avfl^ 

34F) Zj-Zj-o, oj^eV 7m n^s] ^.g. k7fl ^o] cflol^Ali* #^S]-7ll ^ 

4. *fll M1*l ^15 ^]^7l#(36Atfl^l36E) zj-zj-sl *1 <S a] tV^ Tfloj e efo]^ ^ ^ 
^^£)7fl ^tf. oiofl nj-Ej., >flo]Mel-oi(GL)s] a}*] c^^o^ ^ 

£10 £8 °fl £A]^ ^]^7l^(36Am^l36E)^ ^a] ofl^ t^]^. 
4. -£10 °fl &oH, ^1^7l(36AvH^l36E)^ ^^^j-^- #^^> A}ojofl ^^e)c^ 
3 *i^(Rl)4, 7l^^SJ"€(GND) 4°H ^^H^ 7>^ 7flsj)AlEl 

(CVC)# ^1^4- *^(Rl)£r ^W-l: 7>X]^ ^ofl 7].^ 7fl3Z)]AlBl 

(CVC)fe ^fl^> A}-g-*]-0} s ^oii t±<&& -g-M-g- ^Cf. o}s. 
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^Hl ^s-l^r #ej °]4l°l-|- ^l5l(0E)7f *l<££Mj ^cf. ol^- ^-ol ^^o^ 

£11 £r £8 41 £^ ^^7l#(36A^xl36E)^ cf^ ^a] cjj-i- ^Hl^) 5L 
^l^cf. ill 41 5U°H, *l<S7l(36AMl*l36E)-b «9 3 aH<H1 ^4- 

7^ ^(VR)^, ^^T^ 7H^^(GND) >*W4| ^5)0^ 
(CD* ^l^f. ?mm(CtfSr JL%& 7Hfe tfV^oll 7]-^ ^lt(VR) 

^(Cl)^ -g-^jaf 7>^ ^^-(VR)^ #41 Sfl^SKr *1 o^c^Hl 

(36A^*l36E)fe 7fl°jEeJ.oi(GL)3 ^^H^SM aj^TII -§-#§1-711 

£12 £8 41 £^1*1 *l<37l!r(36Atfl*l36E)3 5& cf-i- ^1 ofl^. ^ g].^ 
EA I^. £-12 41 9X°]*), ^m7l(36Avfl^l36E)fe ^^^^f #^^> A>o|6fl % 

(C2)« ^tiRVuf. 7fl5flAlBl(C2)^- ^%(R2)^r ^ JI^ ^ ja^^ ^tg- 

7Ht11 &t± m ols. 7fl2flAlEl(C2)^ *RV(R2)4l ^ ^ #^ <M °1 # ^Si(OE) 
3 *}<£^^ ^^SfTll Jl^^Tll tl^lol-a AISICOE)^ xl^^f 

^%(R2)51 ?flsfl^lBl(C2)5l -g-^^ ^o,) o^fl k7flsl cflol ^j ej.o!s. (DL) 

°1 tifll^l^^l 7jB\o\)*\°\ i?fl^^l5l5l ^^S}7fl ^Cf. 

£13 41^ ^2) cf^ ^Al oflon rtj-s ow^^ ^^7}- £X|s)o} oi 

15 



ifl*l36E)°] §>H-^ ^l<^7l(36)^ cfl^]^4 of-i-^ ol^oi^- ^o] ( 3 9) o] ^1 t^j 
*fl5 cflo]Ej ^ ic ^#(34Aifl*l34E)°fl ^-f-^o.^ ^^x] 7 j.^ 
- i=h o] ^1^71(36)^ °HH-i- el- < el(39)^JfE^ #s] <y<>Hoj^- a1^( 0 e)1- >fl 

SH^ll- ^16 t-11olE| ^ ic ^(34FH] ^s»J| &t±. o}6\) ^ t ^ U 

Lfl*] 7fl5 cflolEj ^ IC ^!-(34AMM34E)£- -g-A]ofl k7fl^^ ^o] e] ofl^ 
4^(30)011 ^-g-St-Tfl ^ofl *fl 6 cflolE] ^ ic ^(34F)^r Tfl o] E ej-o] (GL)6 j) 

^. olBi^ 3s q-^ of|o(| ^ ofl^sj]^ 

- - 7 H^1 W.. SE^-, ^1^71(36)^ £10 £^ £11 o])Ai<2f ^ 7> ^^ ^ 
<£ 7]7} A >-g-^ ^-fofl £ Uf^ ^A) cflofl o)-^ ofl^sj)^ ^^Ife Tflolm 
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^3 7]#^ ^Afl^- ^ofl 7]^ ifl-8-O.S. tH^fe 740] o)-u| 
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#7l iyfl^afl^oil ^ ^Efl^ ^7fl^ ^ov^. ^^.gj.^. #31^, 
2] 

^fe tf'M 5U°H, 

^T7] ^^^Wfl^ofl ^ ^Bflo] ^ 7fl ^ ^ov^. ^1-^^ #7jl<2f, 

>5J-7l ^fl^a]]^ #^<2f Mx}f>}±r ^l^Hfl^cHl c-l]olEl ^1^^ 

3] 
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#7} ^fl^tifl^oj) ^ g^s, ^- 7 )]^ ^- #S J.- ^-§-^# 

^]Jl# ^^-g- ^tijsrf^ ^ ^lo S ^ ofl^^ ^-£#*|. 
4] 

#71 *\2L& ^^^ol f 

#71 C^o} Al^ufl^ ^ ^ #o] # 7 ] C -,]olEl Aj^oV^ ^ 
^M^-S. ^^S}711^ #71 ^iJLHfl^ ^ ^ ^H^9h8; ^ 

^1 4 #ojl 5a<>H, 

#71 7iH-Cjol #7] Al^Ai ^ H #5] #71 ^lS^ 0 « V #^Al^^- ^ 
°1*Hr #«J ^l^lt #Jl7> 71^51 - J7 #71 Al^iall^ ^ ^ 

^^-£]7ll ^ *l<37lt- ^-K]^ ^ ^10 £ gj.- ojj;^^ ^#^1. 
[^T 1 ^- 6] 

^?fl^yfl^34 A] ^ til] ^iif 21 ^^Hl, ^^^^ #51 til] oil ^ 
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#7] ^fl^tifl^ofl ^- ^"g-SHr ^lN^f 
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